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(54) Fuel cell generating set Including lyshdm compressor 

(57) There is provided a fuel cell generating set 
including (a) a fuel cell, (b) a Lysholm compressor, (c) a 
gas-liquid separation apparatus condensing humidity 
generated in the fuel cell into water and retaining the 
thus produced water therein, and (d) an injection pump 
for injecting the water to an intake port of the Lysholm 
compressor. The water exchanges heat with air under 
pressure in the Lysholm compressor to thereby cool air 
to be discharged from the Lysholm compressor by latent 
heat by vaporization. The water injected front the injec- 
tion pump seals a leakage path in the Lysholm com- 
pressor. The above mentioned generating set enhances 
a volumetric efficiency and a temperature efficiency of a 
Lysholm compressor, which ensures that the generating 
set can operate with less power and the generating set 
can be made smaller In size and lighter in weight. In 
addition, it is not necessary to supply water to the gen- 
erating set, because the generating set is self-sufficient 
with respect to water. 
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Description 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 5 

The invention relates to a fuel cell generating set, 
and more particularly to a fuel cell generating set includ- 
ing a Lysholm compressor for compressing air for a fuel 
cell. For instance, the generating set in accordance with io 
the invention can be applied to an electric automobile. 

DESCRIPTION OF THE PRIOR ART 

Nowadays, an Otto cycle or Diesel cycle internal is 
combustion engine has been used as an automobile 
engine. They are compact, but ZEV (zero emission 
vehicle) such as an electric automobile is expected to 
develop from the standpoint of regulation of exhaust gas 
such as NOx. fine particles, CO and CO2. As an exam- 20 
pie of ZEV, a fuel cell vehicle and a vehicle mounting a 
battery therein are now developing in several countries. 

Fig. 1 is a block diagram of a conventional fuel cell 
automobile. The illustrated automobile includes a fuel 
tank 1 . a fuel processing device 2. a fuel cell 3, a battery 25 
4, a power controller 5. a motor 6 for driving a drive 
shaft, and a wheel driving mechanism 7. Fuel such as 
methane and methanol is stored in the fuel tank 1. TTie 
fuel processing device 2 reforms fuel stored in the fuel 
tank 1 into a fuel gas containing hydrogen therein. 30 
Receiving the thus reformed fuel, the fuel cell 3 gener- 
ates electricity, by which the motor is driven. Thus, 
wheels are driven by means of the wheel driving mech- 
anism 7. The battery 4 is used as a starter, and the 
power control ler 5 controls the operation of the automo- 35 
bile. The fuel processing device 2 may be omitted, in 
which case hydrogen gas stored in the tank 1 is directly 
supplied into the fuel cell 3. 

In the above mentioned conventional fuel cell auto- 
mobile, it is necessary to operate a fuel cell under pres- 40 
sure and supply pressurized air at 3 to 4 ata into a fuel 
cell, in order to make a fuel cell smaller in size and 
enhance performances of a fuel cell. Thus, there is a 
need for an air source having a smaller air capacity, a 
higher pressure ratio, and a higher efficiency, to be used 45 
for small -sized fuel cell system. 

There has been conventionally employed a two- 
stage supercharger using a turbo-charger therein, as an 
air source for such a fuel cell system. However, two- 
stage compression has problems that a compressor is so 
unavoidable to be complicated In structure, and an effi- 
ciency is deteriorated. On the other hand, a Lysholm 
compressor could provide pressurized air having a 
compression ratio equal to or greater than 3 in single 
compression type. However, when a Lysholm compres- 55 
sor is used in a fuel cell, there are problems to be 
solved, as follows. 

Firstly, a Lysholm compressor provides a high effi- 



ciency in usually used revolution range, however, a vol- 
umetric efficiency is significantly deteriorated because 
of leakage between rotors, when a gas quantity is quite 
small. 

Secondly, temperature rise in air caused by single 
compression deteriorates a temperature efficiency, and 
thus poses a problem that greater power is required to 
operate a Lysholm compressor. 

Thirdly, discharge temperature Is beyond 200 ''C 
because of single compression. Thus, a rotor and a cas- 
ing have to be made of iron or other similar materials, 
resulting in an increase in weight 

SUMMARY OF THE INVENTION 

In view of the above mentioned problems of prior 
generating sets, it is an object of the present invention to 
provide a generating set which is capable of enhancing 
a volumetric efficiency and a temperature efficiency, 
and thus decreasing a power for operating the generat- 
ing set and making it possible to fabricate a generating 
set in smaller size and in smaller weight. 

There is provided a generating set including (a) a 
fuel cell, (b) a Lysholm compressor, (c) a gas-liquid sep- 
aration apparatus condensing humidity generated in the 
fuel cell into water and retaining the tiius produced 
water therein, and (d) an injection pump for injecting the 
water to an intake port of the Lysholm compressor. The 
water exchanges heat with air under pressure in the 
Lysholm compressor to thereby cool air to be dis- 
charged from the Lysholm compressor by latent heat by 
vaporization. The water injected from the injection pump 
seals a leakage path in the Lysholm compressor. 

Water injected to an intake port of the Lysholm 
compressor cools air down to thereby enhance a tem- 
perature efficiency and a total adiabatic efficiency In 
addition, the water seals the leakage path of the 
Lysholm compressor to thereby enhance a volumetric 
efficiency, ensuring an operation efficiency in a small 
gas quantity range. Air to be discharged out of tiie 
Lysholm compressor is cooled down by latent heat of 
vaporization of water to thereby decrease a temperature 
of the air. Hence, it is possible to make a rotor and a 
casing of light metal such as aluminum, ensuring a 
smaller weight of the generating set, which is advanta- 
geous when the generating set is mounted on an auto- 
mobile. In addition, humidity generated in the fuel cell is 
condensed into water, and the thus produced water is 
used for injecting to an intake port of the Lysholm com- 
pressor. Thus, it is not necessary to supply water to the 
generating set, ensuring easier maintenance. The thus 
produced water is pure water, and hence the Lysholm 
compressor is not influenced by deposits such as fur 
which is often present in water. Accordingly, the 
Lysholm compressor can have enhanced volumetric 
efficiency and temperature efficiency, which ensures 
that the generating set can be operated with smaller 
power, and that tiie generating set can be made smaller 
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in size and lighter in weight. 

In a preffenred embodiment, the Lysholm compres- 
sor Is driven by an electric motor which is driven by elec- 
tricity produced by the fuel cell. For instance, the electric 
motor is a driving motor for an electric automobile. This s 
embodiment ensures that an additional driving unit is 
not required, and hence the generating set can be made 
in smaller in size and lighter in weight. 

In another prefen-ed embodiment, the said Lysholm 
compressor produces a pressure of about 350 kPa. io 

The above and other objects and advantageous 
features of the present invention will be made apparent 
from the following description made with reference to 
the accompanying drawings, in which like reference 
characters designate the same or similar parts through- is 
out the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of a conventional fuel cell 20 
automobile. 

Fig. 2 is a schematic view of a fuel cell generating 
set in accordance with the present invention. 

Fig. 3 is a perspective view of a Lysholm compres- 
sor. 25 

Rg. 4 is a graph showing characteristics of the 
Lysholm compressor in the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

30 

A Preferred embodiment in accordance with the 
present invention will be explained hereinbelow with ref- 
erence to drawings. Fig. 2 illustrates a fuel cell generat- 
ing set in accordance with the present invention. The 
illustrated fuel cell generating set 10 Is comprised of a 3s 
reformer 12, a fuel cell 14 and a Lysholm compressor 
16. 

The reformer 1 2 is of a plate type reformer compris- 
ing a planar reform chamber Re and a combustion 
chamber Co. The reform chamber Re is filled with 40 
reforming catalyst, and the combustion chamber Co is 
filled with combustion catalyst. The reform chamber Re 
receives heat from the combustion chamber Co, and uti- 
lized the thus received heat to reform fuel gas 8a into 
anode gas 8b containing hydrogen therein. There may 45 
be employed conventional reformers in place of the 
plate type reformer 12. 

The fuel cell 14 is comprised of stacked cells, and 
each cell is comprised of a planar anode A. a cathode 
C, and an electrolytic plate sandwiched between the so 
anode A and the cathode C. The fuel cell 14 receives 
the anode gas 8b containing hydrogen therein and cath- 
ode gas 9c containing oxygen therein, and electro- 
chemically generates electricity from them. Anode 
exhaust gas 8c and cathode exhaust gas 9d having ss 
passed through the fuel cell 14 are introduced into the 
combustion chamber Re of the reformer 12. and are 
completely burned by the reformer catalyst and dis- 



charged as exhaust gas 9e. 

As the fuel cell 14, there may be used a molten car- 
bonate fuel cell, a solid polymer fuel cell, or a phos- 
phoric acid fuel cell. Reaction occurring in any of the 
atx>ve mentioned fuel cells is one in which hydrogen 
reacts with oxygen to thereby generate water. The 
exhaust gas 9e contains a lot of water vapor. Some of 
the exhaust gas 9e is released into atmosphere, and the 
remaining Is supplied to an intake port of the Lysholm 
compressor 16. 

Rg. 3 is a perspective view of the Lysholm com- 
pressor 16. As illustrated, the Lysholm compressor 16 is 
comprised of a male rotor 16a and a female rotor 16b 
disposed in parallel with each other. Each of the rotors 
16a and 16b axially rotate at a high speed, and axially 
transfer air. Since a spacing between the rotors 1 6a and 
1 6b is arranged axially nanrower, the thus transferred air 
Is compressed. That Is, the Lysholm compressor 16 Is 
one of screw compressors. The Lysholm compressor 
can rotate at a couple of tens of thousand rpm, and can 
generate a high pressure of about 160 kPa in single 
compression. That is, the Lysholm compressor is a 
small-sized compressor with a high efficiency. A pres- 
sure ratio for practical use is higher, and hence it is pref- 
erable that the Lysholm compressor provides a 
pressure ratio of about 3.5, namely generates a high 
pressure of about 350 kPa, when used for a fuel cell. 

As illustrated in Fig. 2. the Lysholm compressor 16 
is driven by an electric motor 22, which is in turn driven 
with electricity generated in the fuel cell 14. That is. the 
electric motor 22 corresponds to a drive motor (namely, 
the motor 6 in Fig. 1) of an electric automobile. Since an 
amount of generated electricity is not always consistent 
with a speed of an automobile, the Lysholm compressor 
16 may be driven by another drive motor. 

The fuel cell generating set 10 further Includes a 
gas-liquid separation apparatus 18 condensing humid- 
ity generated in the fuel cell 14 into water and retaining 
the thus produced water therein, and an injection pump 
20 for injecting the water to an intake port of the 
Lysholm compressor 16 from the gas-liquid separation 
apparatus 18. The gas-liquid separation apparatus 18 Is 
provided with an air-cooling condenser 18a. 

The Lysholm compressor 16 absort)s ambient air 
9c together with the exhaust gas 9e supplied from the 
reformer 12, and compresses them. The thus com- 
pressed exhaust gas 9e and ambient air 9c is supplied 
to the condenser 18a. Water produced in the condenser 
18a is stored in the gas-liquid separation apparatus 18, 
and mixture gas 9c separated from water in condensa- 
tion in the condenser 1 8a is supplied into the fuel cell 1 4 
as cathode gas. Thus, it is possible to collect water 
vapor generated in the fuel cell 14. and recirculate car- 
bon dioxide (CO2) required for reaction in the fuel cell 
14, 

The injection pump 20 injects water to an intake 
port of the Lysholm compressor 16. The thus injected 
water exchanges heat with pressurized air In the 
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Lysholm compressor 16 to thereby cool air to be dis- 
charged from the Lysholm compressor by latent heat by 
vaporization, and at the same time seals a leakage path 
in the Lysholm compressor 16. 

Fig. 4 is a graph showing the characteristic of the 
Lysholm compressor 16. The ordinate axis indicates a 
pressure ratio, and the abscissa axis indicates a pres- 
sure ratio. As illustrated, the Lysholm conrpressor 16 
can accomplish the compression closer to the ideal iso- 
thermal compression than dry compression (k>1 .4) and 
adiabatic compression (k=1.4). by virtue of cooling by 
water injection. Thus, it is possible to reduce power 
required for compression. 

As mentioned earlier, water injected to an intake 
port of the Lysholm compressor cools air down to 
thereby enhance a temperature efficiency and a total 
adiabatic efficiency In addition, the water seals the 
leakage path of the Lysholm compressor to thereby 
enhance a volumetric efficiency, ensuring an operation 
efficiency in a small gas quantity range. Air to be dis- 
charged out of the Lysholm compressor is cooled down 
by latent heat of vaporization of water to thereby 
decrease a temperature of the air. Hence, it is possible 
to make a rotor and a casing of light metal such as alu- 
minum, ensuring a smaller weight of the generating set, 
which is advantageous when the generating set is 
mounted on an automobile. In addition, humidity gener- 
ated in the fuel cell is condensed into water, and the 
thus produced water is used for injecting to an intake 
port of the Lysholm compressor. Thus, it is not neces- 
sary to supply water to the generating set. ensuring 
easier maintenance. The thus produced water is pure 
water, and hence the Lysholm compressor is not influ- 
enced by deposits such as fur which is often present in 
water. Accordingly, the Lysholm compressor can have 
enhanced volumetric efficiency and temperature effi- 
ciency, which ensures that the generating set can be 
operated with smaller power, and that the generating 
set can be made smaller in size and lighter in weight. 

In accordance with the above mentioned fuel cell 
generating set including a Lysholm compressor, it is 
possible to enhance a volumetric efficiency and a tem- 
perature efficiency, and thus decrease a power required 
for operating the generating set. Hence, the generating 
set can be made smaller in size and lighter in weight. In 
addition, the generating set in accordance with the 
present invention has an advantage that it is not neces- 
sary to supply water thereinto, because the generating 
set is self-sufficient with regard to water. 

While tiie present invention has been described in 
connection with certain preferred embodiments, it is to 
be understood that the subject matter encompassed by 
way of the present invention is not to be limited to those 
specific embodiments. On the contrary, it is intended for 
the subject matter of the invention to include all alterna- 
tives, modifications and equivalents as can be included 
within the spirit and scope of the following claims. 



Claims 



1 . A fuel cell generating set comprising: 



(a) a fuel cell; 

(b) a Lysholm compressor; 

(c) a gas-liquid separation apparatus condens- 
ing humidity generated in said fuel cell into 
water and retaining the thus produced water 
therein; and 

(d) an injection pump for injecting said water to 
an intake port of said Lysholm compressor, 
said water exchanging heat with air under pres- 
sure in said Lysholm compressor to thereby 
coot air to be discharged from said Lysholm 
compressor by latent heat by vaporization, said 
water injected from said injection pump sealing 
a leakage path in said Lysholm compressor. 



20 2. The fuel cell generating set as set forth in claim 1 . 
wherein said Lysholm compressor is driven by an 
electric motor which is driven by electricity pro- 
duced by said fuel cell. 
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3. The fuel cell generating set as set forth in claim 1 . 
wherein said Lysholm conrpressor produces a 
pressure of about 350 kPa. 

4. The fuel cell generating set as set forth in claim 2, 
wherein said Lysholm compressor produces a 
pressure of about 350 kPa. 
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